Although short in duration, air pollutant exposures occurring in non-residential microenvironments (MEs), including restaurants, vehicles and commercial locations, can represent a large fraction of total personal exposures. For the Sources and Composition of Particulate Exposures study, a novel compact sampling system was developed, facilitating simultaneous measurement of highly speciated PM 2.5 mass in a range of commercial and residential locations. This sampler also included 1-min measurements of PM 2.5 mass and ultrafine particle (UFP) counts. Sampling was conducted in a number of MEs (retail stores, restaurants and vehicles) throughout Atlanta. Chemically resolved particulate measurements in these locations are of interest for both exposure scientists and epidemiologists but have typically not been conducted because of logistical constraints associated with sampling these trace constituents. We present measurements from a non-random sample of locations that are limited in their generalizability but provide several promising hypothesis-generating results. PM 2.5 mass concentrations greater than 100 mg/m 3 , and UFPs410 5 particles /cm 3 were measured during several events in the restaurant and vehicle. Somewhat unexpectedly, the grocery store ME, along with the restaurant and vehicle, also had the highest levels of elemental carbon (EC), organic carbon (OC) and most elements. In-vehicle concentrations of soil-related elements (Al, Ca, Fe, K and Ti) and auto-related elements (EC, OC, Zn and Cu) were higher than those measured at a central ambient site. The lowest concentrations for most pollutants were found in the hospital and retail locations. It is questionable whether periodic, high PM concentrations in the grocery store and restaurant pose health risks for customers; however, individuals working in these locations may be exposed to levels of concern.
Introduction
Although epidemiological studies have shown adverse health effects associated with particulate pollutant levels, additional focus has been placed on determining associations with specific PM 2.5 components, such as sulfate, elemental carbon (EC), organics and trace elements Gent et al., 2009) . These studies and others have shown significant associations between particulate components and mortality and morbidity. More information is needed about susceptibility to PM components and where exposures to high levels of PM components occur. Previous exposure studies focused on personal exposures and/or home indoor PM 2.5 mass concentrations, as most individuals spend a large fraction of time indoors at home. A number of these studies have also measured levels of PM 2.5 components, such as sulfate and EC (Sarnat et al., 2006; Brown et al., 2008) . Furthermore, some exposure studies have shown that personal PM 2.5 mass exposures exceed corresponding outdoor or ambient particulate concentrations (Wallace et al., 2006) . This may be due to sources in homes or to exposures in locations other than the home. Although short in duration, exposures occurring during time spent in locations other than the home F including restaurants, vehicles and other commercial locations F can be significant contributors to 24-h personal exposures (Chang et al., 2000; Rea et al., 2001) .
Many studies have shown that activities in the home, for example, cooking and cleaning, contribute to indoor particulate matter levels (Wallace et al., 2006) . Fewer studies have focused on exposures in commercial establishments other than in offices (Chang et al., 2000; Rea et al., 2001; Levy et al., 2002) . Previous studies of restaurants and bars, in particular, focused on exposures to environmental tobacco smoke (ETS; Repace and Lowrey, 1980; Ott et al., 1996) . With many states and municipalities banning smoking in such locations, contributions from other sources in these locations can now be ascertained more readily (Brauer and 't Mannetje, 1998) . In addition, traffic is widely understood to be a significant source of many PM 2.5 components, including EC, metals and organics (Kinney et al., 2000; Levy et al., 2003) . Exposures of occupants in vehicles have been studied previously (Rodes et al., 1998; Adams et al., 2001; Riediker et al., 2003) . Most studies have shown higher exposures to PM 2.5 components in vehicles compared with a centrally located ambient monitor. Riediker et al. (2003) found in-vehicle EC to be higher than an ambient monitor, but total PM 2.5 mass was lower than the ambient site PM 2.5 in that study.
Few studies have included measurement of particulate species in non-residential microenvironments (MEs), due to the difficulty of performing sampling for particle speciation in commercial, often crowded, MEs. To address limitations in being able to conduct sampling in these locations, and corresponding gaps in knowledge regarding ME exposures, we conducted a detailed particulate matter monitoring study in the Atlanta metropolitan area, which included repeated sampling during warm and cool seasons. The Sources and Composition of Particulate Exposures (SCOPE) study used extensive home indoor, home outdoor and selected ME monitoring, allowing for collection of a rich data set of chemically speciated particulate pollutants. A novel compact sampler was developed to allow for simultaneous collection of integrated samples and continuous monitoring in crowded commercial locations as well as in homes. The study included measurements of a number of PM 2.5 components, including EC, organic carbon (OC), elements and organic speciation, which may allow for identification of major source classes impacting key MEs. Time-activity patterns from the National Human Activity Pattern Survey were used to identify and select MEs for sampling, in which susceptible populations spend a significant fraction of their time (Tsang and Klepeis, 1996) . In addition to homes, the MEs measured in this study included a grocery store, restaurant, vehicle, hospital and retail book store. Results are presented here for the homes and non-residential MEs, and a companion paper will include the organic speciation that was also conducted for this study. As the locations were chosen as a convenience sample and sampling was conducted over relatively short durations, the findings should be viewed as anecdotal snapshots of pollutant levels in MEs where knowledge of exposures to chemically resolved PM is extremely limited.
Results from this study demonstrate proof of concept for a novel sampling platform that can be deployed to measure highly chemically resolved PM components over short durations and as an element for hypothesis generation involving exposures to PM components in MEs for which little previous information exists.
Materials and methods

Study Design
The SCOPE study consisted of two phases. The first included measurements inside and outside of homes; the second entailed measurements in common non-residential Mes F a grocery store, restaurant, book store and hospital clinic F as well as in-vehicle monitoring. As noted, the selected MEs were not chosen randomly and thus the results cannot be considered generalizable to similar MEs in other locations. It should be noted that our exclusion criteria for participation in this protocol established that the location of and activities occurring within a selected ME could not be idiosyncratically different from other establishments within their respective category. Thus, we excluded from the study a retail store that sold and occasionally burned incense given this atypical source of indoor pollutant contributions. Similarly, a ME located near a major point source of ambient PM emissions was excluded from consideration.
Sampling dates and the number of samples are presented in Table 1 . Measurements were conducted in each of the five MEs (and homes) for seven consecutive days during both warm and cool seasons. The MEs (and homes) were sampled sequentially. In total, 35 days of monitoring were completed in the MEs (five MEs Â 7 days per ME) during each season. Five homes were measured for 7 days in the warm season (homes 1-5 in Table 1 ), and three of those homes were repeated in the cool season. Two additional homes (homes 6 and 7 in Table 1) were measured during the cool season only. Consent forms and study procedures were approved by the Human Subjects Committee of the Harvard School of Public Health.
In the MEs, 8-h integrated PM 2.5 mass, EC, OC, speciated organic and elemental PM concentrations were measured on each day of the monitoring period. Sampling start and end times coincided with work hours in the MEs, generally starting between 0600-1000 hours and ending between 1400-1800 hours. Twenty-four-hour samples were collected inside and outside of the homes, with start times varying by home, generally beginning between 1200-1600 hours. Continuous PM 2.5 mass data were also collected concurrent with the integrated filter-based samples in all MEs, as well as indoors and outdoors in all homes. In the MEs, ultrafine particle (UFP) counts were also collected indoors.
Sampling and Analysis Methods
All samples were collected using the microenvironmental multicomponent sampling system (MMSS), as shown in Figure 1 . The MMSS is a unique sampling platform specifically developed for this study to contain both integrated and continuous sampling instruments. The unit comprised Harvard impactors for collecting PM 2.5 mass, EC and organics. Two integrated samplers were connected via a sampling manifold to a single pump, with flow split between the two integrated samplers using valves to achieve flow within 10% of the target flow rate of 10 l/min (LPM) for each sampler. In all, there were four sampling flows on the MMSS, with two flows used for collocated sampling and quality assurance. All integrated samples were exchanged each day of the study. Sampler flows were measured both before and after sampling.
Integrated PM 2.5 mass samples were obtained using a Harvard impactor that collected PM 2.5 particles on a 37-mm Teflon filter. All Teflon filters were refrigerated immediately after collection and equilibrated for 24-h before post-sampling weighing. Following gravimetric analysis, Teflon filters were analyzed by X-ray fluorescence (XRF) to determine elemental composition of the PM (Chow and Watson, 1998) . EC and OC samples were collected using Harvard impactors with a single prefired 37-mm quartz filter (Turner et al., 2000) . Each quartz filter had one 1.5 cm 2 punch taken from the deposition area and was analyzed by thermal optical transmittance for EC and OC (Schauer et al., 2003) .
In addition to the integrated samplers, the MMSS sampling system also included a DustTrak model 8520 sampler (TSI, Minneapolis, MN, USA) to measure continuous PM 2.5 mass. In the MEs only, an UFP counter (TSI P-Trak model 8525) was added to the sampling system. Silica gel cartridges were placed upstream of the DustTrak to remove particle-bound water. DustTrak measurements can overestimate or underestimate PM 2.5 mass concentrations, and this bias depends on particle size and composition. For this reason, DustTrak continuous data on a given sample day were corrected using the corresponding integrated PM 2.5 mass concentration, but no corrections for the UFP counters were employed. Given the need to sample unobtrusively in commercial establishments and homes, the intake for the sampling unit was lower than breathing height, located approximately 2 feet off the ground. This sampling system was also designed with the ability to run on a single 12-V car battery in MEs where local AC power was unavailable. Additionally, passive samplers were used to collect O 3 in all locations, but field technician error made these data invalid. Furthermore, although the sampling apparatus allowed for collection of continuous CO using a Langan monitor (Langan Model T15n CO Measurer, Langan Products, San Francisco, CA, USA), these data are not presented due to poor performance of this instrument. The protocol for the vehicle ME sampling included placing the MMSS in the back seat of a minivan, with inlets located in between the driver's and front passenger's seats. The driving routes for the 8-h vehicle sampling sessions were not scripted but generally were conducted on the interstate highways in and around metropolitan Atlanta. The vehicle's sampling start and end times were also roughly similar among the days and between the seasons, with start times beginning to include morning rush hour contributions. Specific information concerning traffic composition (diesel vs gasoline engine prevalence), travel routes and other factors that may have influenced short-term concentrations in the vehicles are beyond the scope of this analysis. A companion manuscript examining in-vehicle pollutant concentrations and potential factors affecting these measurements is pending.
Ambient air monitoring data were obtained from the Southeastern Aerosol Research and Characterization study data archive (Hansen et al., 2006) . Integrated PM 2.5 mass, EC, OC and elemental concentrations were obtained from the Jefferson Street (JST) monitoring site, located approximately 4.5 km northwest of the center of Atlanta in an area with industrial, commercial and residential land uses. The following are the locations of the MEs in terms of distances from JST: grocery store 8.8 km NE; hospital 3 km SE, restaurant 8.5 km E; and retail store 10.2 km E. All the homes had outdoor monitors, hence were not compared with JST.
Quality Assurance
Sample masses were blank corrected using mean blank sample values for each pollutant. A total of 15 PM 2.5 blank samples were collected in the five MEs and 41 in the homes. PM 2.5 net masses measured in the MEs were blank corrected using the mean blank value of 1.5 mg. For the homes, the mean blank value of 4.9 mg was used to correct the masses. EC and OC samples were only collected in the homes for the last 3 weeks of monitoring, and no QA data were collected corresponding to those samples. EC blank values were all 0.0 mg, hence samples were not blank corrected for EC. The mean OC blank correction value was 5.5 mg.
Elemental concentrations and uncertainties were determined using XRF analysis (Chow and Watson, 1998) . The uncertainty for each filter was multiplied by two to derive a laboratory LOD for each element in each sample. Elemental concentrations are reported only for those elements for which more than one-third of observations were above LODs. These elements were Al, S, Si, Ca, Fe, K, Zn, Cl, Ti and Cu. For all elements, blank values were non-normally distributed; hence median blank values were determined for each element. Only Al, Zn and Ti had median blank values 40. In the MEs, the median blank values of 54.6 and 2.5 ng were used to correct the sample values for Al and Zn, respectively. In the homes, the median blank values of 32.6 ng for Al and 3.5 ng for Ti were used to correct sample concentrations. All quality assurance data are provided online in Supplementary  Tables S1 and S2 . Negative pollutant concentrations and values below the method detection limits were included in the analyses. As monitoring took place sequentially, for example, one ME/ home at a time, it is helpful to have some indication of the corresponding distributions of the outdoor concentrations of the pollutants measured. Although ambient samples were not collected concurrently over the 8-h integration period of the ME samples, 24-h concentrations were measured at the JST monitoring site during all field monitoring for this study. Those samples were collected over 24 h from midnight to midnight. For comparison purposes, indoor-ambient ratios using these data are presented for PM 2.5 mass, EC, OC and elemental concentrations measured in the MEs. Interpretation of these ratios is limited, yet they provide some indication of the pollutant levels relative to an ambient monitor within a sample day. For the homes, all pollutants were measured directly inside and outside of the homes, and indoor-outdoor ratios for the homes are also presented.
Results and discussion
To minimize exposure error in health studies, there is a need to identify PM components that may contribute significantly to personal PM exposures. Part of this assessment was identification of locations or sources of exposure that may contribute to personal exposures, including those experienced in locations in addition to the home. Traditionally, sampling in such locations has been limited due to physical constraints of sampling equipment in crowded commercial locations. The SCOPE sampling system was able to measure a large number of PM components, while minimizing space, noise and other constraints in commercial operations. Figure 2 shows the distributions of continuous PM 2.5 mass concentrations measured every minute in the MEs during both seasons. This figure also includes box plots of the ambient TEOM concentrations measured hourly at a central monitoring site. Figure 3 shows the continuous PM 2.5 measured inside and outside of the homes. The continuous PM 2.5 mass method allowed for observation of indoor pollution events that potentially affected the daily integrated values. PM 2.5 mass concentrations varied significantly both within a given ME/home and especially between different MEs/homes. Continuous PM 2.5 mass concentrations were substantially elevated during events in the grocery store, restaurant, vehicle and some homes. The grocery store had a large kitchen area that included cooking activities for sale of prepared foods. Both the grocery store and restaurant had cooking activities during their respective monitoring periods.
Continuous PM 2.5 Concentrations
The grocery store, restaurant, vehicle and some homes had significant events occurring on shorter time scales F generally o1 h F than the integrated samples. PM 2.5 mass concentrations greater than 100 mg/m 3 were measured during several extended events in the restaurant, vehicle and some homes. Distributions of PM 2.5 mass concentrations were positively skewed due to PM 2.5 events in all locations except the hospital. The 95th percentile minute-by-minute measurements in the grocery store and restaurant during the warm season exceeded 40 mg/m 3 , whereas none of the homes had 95th percentile values that high.
PM 2.5 Cooking Events
Although the grocery store and restaurant had indoor combustion sources, the high PM 2.5 levels in these locations were generally lower than cooking events in homes reported previously (Wallace et al., 2006) . That residential study reported a large number of cooking events during which 1-min PM 2.5 concentrations 41500 mg/m 3 were reported. In the current study, a single cooking event in home 2 yielded PM 2.5 concentrations up to 1200 mg/m 3 , and levels remained elevated (420 mg/m 3 above the pre-event level) for more than 3 h. The maximum cooking-related PM 2.5 measure (minute by minute) in the MEs in our study was 351 mg/m 3 in the restaurant during the warm season. In the homes, two significant cooking events in homes 1 (max ¼ 465 mg/m 3 ) and 2 (max ¼ 1201 mg/m 3 ) during the cool season led to higher maxima than in the other MEs. However, overall, the events in the homes were less frequent and peaks lasted for shorter periods of time than in the MEs. Excluding the hospital, the mean PM 2.5 concentrations in the homes were generally lower than in the MEs.
Peak cooking events in homes were higher than cooking events in MEs, but throughout the day PM 2.5 levels remained higher in the grocery store and restaurant. Lower peak concentrations in the grocery store and restaurant compared with cooking events in homes could be due to differences in the amount of cooking activities in these MEs. As homes tend to have lower air exchange rates than commercial buildings with cooking on the premises, a more likely explanation for these differences may be that poor ventilation in the homes led to higher peak events, but with shorter durations of peak sources, peaks lasted over shorter durations than in the commercial locations (see Figures 4a and b for sample plots from the grocery store and home 2, respectively, as well as time series plots in Supporting Information). During the warm season, PM 2.5 levels in the grocery store were higher at the end of the 8-h monitoring periods than at the beginning, indicating some buildup of PM indoors, but resuspension also likely contributed at least in part (Long and Sarnat, 2004) . The large amounts and durations of cooking in the restaurant and grocery store likely contributed to PM 2.5 mass concentrations, approximating those measured previously in commercial locations with cooking. In Chang et al. (2000) the 1-h average PM 2.5 concentration in a mall food court was B80 mg/m 3 during the peak lunchtime hour. In the SCOPE study, the highest hourly average PM 2.5 mass concentration was 60 mg/m 3 measured in the restaurant during summer. The 8-h averages of the continuous PM 2.5 concentrations measured in the restaurant during the SCOPE study were 26.3 and 9.7 mug/m 3 in warm and cool seasons, respectively. This is markedly lower than the 435 mg/m 3 average measured previously in a non-smoking restaurant (Brauer and 't Mannetje, 1998 ) and higher than the 15 mg/m 3 RSP measured after prohibition of smoking in a California tavern (Ott et al., 1996) . Seasonal Differences in PM 2.5 PM 2.5 mass concentrations were higher and showed greater variability in the warm season compared with the cool season for most homes and all MEs, except the vehicle. During the cool season, the 95th percentile value exceeded 50 mg/m 3 in the vehicle, but the cool season vehicle measurements were likely influenced by an outdoor PM 2.5 event that occurred on four of the seven sample days. Sunny conditions and low wind speeds combined with 4 days during which daily high temperatures were Z70 1F, approximately 15 1F above normal average temperature in Atlanta during December (NCDC, 2002) . The high temperatures likely contributed to high PM 2.5 levels measured during this time, as PM 2.5 encompasses many secondary species whose formation increases with sunlight and temperature. Although overall PM 2.5 levels in the vehicle were higher during the cool season than the warm season, there were a significant number of short-term events in the vehicle during the warm season, many of which exceeded 100 mg/m 3 . The highest minuteby-minute PM 2.5 mass concentration in the vehicle was 465 mg/m 3 in the warm season, and this event lasted only 15 min. It should also be noted that a number of PM 2.5 events occurred outside of the homes, presumably from localized combustion sources.
Integrated PM 2.5 , EC, OC and Elemental Concentrations in the MEs
During both seasons, MEs associated with combustion sources F grocery store, restaurant and vehicle F had the highest levels of EC, OC and most elements in addition to total PM 2.5 mass. A detailed table of the pollutant concentrations measured in each ME during the warm and cool seasons can be found in Supplementary Tables S3 and  S4 , respectively, in Supporting Information online. The lowest concentrations for most elements were found in the hospital and retail store, with many pollutant concentrations below their corresponding LODs in those locations. Samples from the hospital were collected in the hallway of a clinic that functioned more like a group of doctors' offices than a busy hospital setting. The retail store likely had many fewer visitors than, for example, the grocery store, as it was a small book store and the grocery store and restaurant likely had many more visitors.
Collectively, these results indicate significant variability in ME concentrations of many pollutants, particularly elements, both within a given ME and among MEs. Also included in Supplementary Tables S3 and S4 are concentrations measured at a central ambient monitor on the days during which monitoring took place. It should be noted that those concentrations were measured midnight to midnight, whereas SCOPE field samples were 8-h work day samples. Ambient data are provided merely as an indicator of difference in outdoor pollution during the monitoring in each ME. As indicated previously, during the cool season vehicle monitoring, the mean ambient PM 2.5 mass concentration was double or triple the mean ambient PM 2.5 mass values measured during the other weeks of cool season monitoring. All of the elements, particularly S, were also elevated at the ambient site during this period compared with the other monitoring periods (Supplementary Tables S3 and S4) . Home indoor and outdoor pollutant concentrations measured during the warm and cool season can be found in Supplementary Tables S5 and S6 in Supporting Information.
In-Vehicle Concentrations
The mean PM 2.5 mass concentration in the vehicle was 16 mg/m 3 in the warm season and 25 mg/m 3 in the cool season. These concentrations are higher than the mean concentrations measured inside the homes, and comparable to or lower than those presented in previous in-vehicle studies. Riediker et al. (2003) measured mean PM 2.5 mass concentrations of 23 mg/m 3 in North Carolina state police patrol cars during August-October. The authors pointed out that patrol cars were unoccupied for approximately one-third of the monitoring period and recirculated air conditioning was used continuously, likely resulting in lower PM 2.5 concentrations in the patrol vehicles compared with the ambient site. In contrast, EC concentrations measured by Riedeker were higher in-vehicle (2.3 ± 0.8 mg/m ). In the SCOPE study, invehicle mean EC concentrations were comparable to the 24-h samples collected at the ambient site. The higher in-vehicle EC concentrations in the patrol vehicles are not explained, but proximity to traffic compared with the ambient monitor may explain this finding and serve as an interesting hypothesis-generating observation to be examined in a companion manuscript currently in preparation.
A study conducted in London found higher in-vehicle PM 2.5 concentrations than in our study during summer (35 mg/m 3 ) but comparable levels (24 mg/m 3 ) during winter (Adams et al., 2001) . A comparison site located in an urban center of London reported ambient PM 2.5 concentrations of 17 and 14 mg/m 3 during in-vehicle monitoring in summer and winter, respectively. An extensive in-vehicle study conducted in Sacramento, CA, USA (Rodes et al., 1998) found the ranges in mean PM 2.5 and black carbon (BC) concentrations to be 6-15 mg/m 3 and À0.3 to 8 mg/m 3 , respectively, depending on the route driven. Although in-vehicle PM 2.5 levels were higher in our study, EC concentrations were lower in our study than in the CA vehicle survey, potentially due to a smaller proportion of diesel vehicles on the routes driven during the SCOPE study. Differences in in-vehicle PM 2.5 concentrations among studies are likely due to differences in vehicle operation or settings, local traffic conditions and regional background concentrations, among other factors.
UFP Counts in the MEs
Concurrent with the indoor PM 2.5 mass events in the grocery store, restaurant and vehicle, UFP concentrations were also elevated (generally peaking before the observed PM 2.5 mass peaks), and exceeded 10 5 particles/cm 3 , with the highest UFP concentrations exceeding 3 Â 10 5 particles/cm 3 . Figure 5 is a boxplot of the UFP count data collected in the MEs during both seasons, with the distributions presented on a log scale. Much lower UFP concentrations were found in the hospital and retail location. The hospital sampling location was in a hallway of a clinic, with relatively little foot traffic during the monitoring period. Similarly, the retail book store was quite small, without large numbers of visitors during the day. No comparable ambient UFP data were available, and UFPs were not measured in homes. As with the PM 2.5 mass data, the grocery store, restaurant and vehicle had the highest mean UFP counts, with some events exceeding 10 5 particles/cm 3 . There was significant day-to-day variability in UFP counts in the restaurant, particularly during the warm season. This was likely the result of intermittent cooking events, presumably dependent on the items being cooked in the restaurant. In the grocery store, more gradual and smaller UFP events occurred. During the cool season, very large UFP peaks occurred in the grocery store on most days, lasting for 1-2 h or more hours. These results are similar to those reported by Levy et al. (2002) , who found mean indoor UFP in a mall food court to be 140,000 particles/cm 3 , whereas those in a hospital to be more than an order of magnitude lower.
ME-Ambient Ratios for PM 2.5 , EC, OC and Elements
Although indoor combustion sources associated with food preparation in the grocery store and restaurant likely led to higher concentrations of some pollutants, measurement of MEs at different times required at least a qualitative comparison taking into account ambient concentrations during the monitoring periods. In-vehicle monitoring during the cool season was strongly affected by unseasonably elevated ambient PM 2.5 concentrations during the monitoring period. Correspondingly, Figures 6a and b present indoor ambient ratios for all major PM components measured in each ME during warm and cool seasons, respectively. As stated above, interpretation of these ratios is limited by the different time periods during which samples were collected (8 h for MEs and 24 h for ambient). With a few exceptions, soil-related elements (Al, Ca, Fe, K and Ti) and auto-related pollutants (EC, OC, Zn and Cu) tended to be higher in the vehicle (red bars) than at the ambient site in both seasons. During the warm season, the highest ratios for most pollutants were found in the vehicle. Levels of Al, Fe, Ti and Cu were more than double the corresponding ambient concentration. The vehicle-ambient S ratios were close to 1 during both seasons, indicating a high degree of infiltration into the vehicle. Previous studies have shown higher EC and particulate levels on or near roadways compared with ambient monitors (Zhu et al., 2002) . Combined with the high degree of infiltration into the vehicle, it is likely that EC and many of the elements also readily infiltrated the vehicle, resulting in high in-vehicle concentrations compared to the ambient monitor. Fruin et al. (2004) also showed higher exposures to BC for occupants following diesel vehicles. In the SCOPE study, EC ratios in the vehicle were not consistently elevated compared with the ambient site, potentially due to variability in numbers of diesel vehicles on the routes driven by our vehicle. The highly elevated Cu levels in the vehicle were similar to findings from Riediker et al. (2003) , which found elevated levels of a number of elements, particularly Cu and soil elements, in police patrol vehicles. Brake wear from vehicles is the likely source of Cu and Zn in the vehicle, as materials containing these elements have been incorporated into brake linings to replace asbestos (Hjortenkrans et al., 2007) , whereas Zn also may be related to wear of tires (Legret and Pagotto, 1999) . Riediker et al. (2003) suggest that elevated soil elements in the vehicle, including Al, Ca, K and Ti, were likely from gasoline combustion and Fe from vehicle wear, but resuspension of road dust and erosion of roadway material are other potential sources as well.
The grocery store and restaurant also showed elevated levels of several pollutants compared with the ambient site, particularly in the cool season. This was the case, even though these locations had different estimated infiltration, as indicated by indoor-ambient S ratios. S ratios tended to be close to 1 for the restaurant but lower in the grocery store (0.7±0.2 in warm season; 0.6±0.1 in cool season). Lower S ratios for the grocery store, for example, contrast with higher ratios of PM 2.5 mass, OC and Al in both seasons. Zn was particularly elevated in the grocery store during the warm season and Al in that location during the cool season, indicating potentially significant contributions from indoor sources of these elements. In the grocery store during the cool season, most Ca, Fe, K and Cu ratios were significantly greater than 1. Similarly, higher PM 2.5 mass, OC, Al, Fe and K ratios were measured in the restaurant than at the ambient site during both seasons. Source apportionment analyses of indoor PM 2.5 attributed a Cu factor to emissions from electric motors with Cu components (Koutrakis et al., 1991) , including vacuums and fans, among other sources. Other studies have shown that vacuums and other electric motors emit Cu-containing UFPs (Szymczak et al., 2007) . In our study, fans in kitchen ventilation systems were in operation in both the restaurant and grocery store, which may be a source of Cu indoors in these locations. Other commercial appliances utilizing universal motors, such as commercial mixers and blenders as well as refrigeration units, are also potential sources in commercial cooking operations.
Not surprising, the lowest ME ratios for most pollutants were found in the hospital and retail locations, especially S, indicating low infiltration of outdoor pollution to these locations, as S has few indoor sources (Sarnat et al., 2002 ). An extreme Zn value in the hospital, unexplained by field notes, is responsible for the single Zn ratio above 1 in that location. Indoor Fe concentrations in the hospital were somewhat higher during the cool season, and Fe at the ambient site was dramatically lower in the cool season than in the warm season, resulting in elevated Fe ratios. As many of the PM 2.5 mass concentrations in the hospital were below field LODs, measurement noise may have contributed to some extreme ratios in this location and may not indicate significant indoor sources of specific pollutants.
A limitation of the ambient comparison is that ME samples were collected in the commercial locations over 8-h periods during average work days, whereas the ambient site comparison data were 24-h integrated samples. As a result, the 24-h ambient site concentrations are likely lower than would be the corresponding 8-h ambient samples, potentially overestimating the ambient contribution (i.e., inflating the ratios).
In contrast to MEs, homes showed a strong seasonal difference in indoor-outdoor ratios, with few ratios 41 during the warm season, and higher ratios, particularly for Fe and K, during the cool season (Figures 7a and b) . This may be due to greater air conditioning use during the warm season, which may have reduced infiltration into the homes. This is further supported by the lower S ratios in the homes during the warm season compared with the cool season. Overall, however, PM 2.5 , EC (cool season only), S, Al and Si levels inside the homes tended to be lower than those outside of the homes.
Conclusions
The SCOPE sampling system was able to characterize a large number of PM 2.5 components and has greater potential for inclusion of addition measures including some criteria gases. This instrument was able to collect these measures in busy commercial locations, with significant space constraints as well as inside and outside of private homes. As expected, high concentrations of PM and components were measured in the vehicle, but similarly high levels were found for a number of other pollutants, including elements and UFP, in unexpected MEs. Although the risks of ETS exposure for workers in restaurants and bars had been well documented before smoking bans in these locations, the current analysis indicates additional potential exposure burdens for workers, such as restaurant or grocery store employees, who work in facilities with a lot of cooking. High PM concentrations measured in the restaurant, vehicle and grocery store may pose a significant exposure, even if only for short periods of time. For patrons, these high periodic exposures may or may not contribute significantly to cumulative daily or lifetime exposures. For workers in the restaurant and grocery store, however, these exposures could be significant and therefore affect their health. Identification of sources and controls in these locations may allow for better protection of workers' and patrons' health. Furthermore, exposures in the home can reach very high concentrations over short durations, which may have important physiological effects for those exposed. Although anecdotal, we believe that these findings provide support for future field assessments in similar MEs to examine whether the current, relatively unexpected findings are replicable.
Finally, we believe the high-quality, chemically resolved findings presented as part of this study provide support for the feasibility of sampling PM in a range of MEs, where we know little concerning potential exposures. Establishing proof of concept for this sampling approach and the MMSS platform is an important goal, as many of these MEs are heavily frequented locations. Exposures occurring within these MEs, in turn, may provide substantial contributions to total daily exposures to many pollutants of concern. Increased sampling in these MEs will aid in providing robust estimates of exposures and results that are broadly generalizable to at-risk populations.
